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1. Dansk resumé 
Amerikansk mink (Neovison vison), herefter mink, stammer oprindeligt fra Nord 
Amerika. Mink har været holdt i fangeskab i Europa mere end 100 år, og opdrættes på 
grund af deres eftertragtede pels. Danmark er en af verdens største producenter af mink. 
På danske farme huses 3.4 millioner avlsdyr, og der produceres ca. 17 millioner 
minkskind. I 2017 var der 1.400 minkfarme registreret i Danmark (Figure 1).  
 
I løbet af de 100 år, hvor minken har været holdt i fangeskab, er der undsluppet mink fra 
farme. Minkene undslipper både i forbindelse med den sæsonmæssige håndtering af 
mink på farmen, og i forbindelse med at dyreaktivister har åbnet burene. Antallet af 
mink som undslipper fangeskab kendes ikke, men i en tidligere dansk undersøgelse af 
mink fanget i naturen fra 1998 til 2000 vurderede man, at over 80% af disse mink var 
født på en farm.  
 
I 1999 blev hegning omkring minkfarme obligatorisk. Kravet er i dag at hegnet omkring 
farmen skal være mindst 150 m højt og gravet mindst 50 cm ned i jorden. Hegnet skal 
være glat, så mink ikke kan kravle på og over hegnet (Figur 2). For at hindre minkene i 
at kravle ud ved hjørnerne, skal disse være overdækket. I 2002 blev der ydereligere krav 
om, at porte skulle være lukkede, når der ikke var gennemkørsel, og at døre til 
medarbejdere skulle lukke automatisk. Fælder skal sættes rundt langs hegnet og ved 
porte, og de skal efterses to gange dagligt, men det er tilladt at bruge elektronisk 
overvågning af fælderne.  
 
Mink i naturen er først og fremmest tilknyttet fugtige habitater, hvor de æder 
smågnavere, fisk, padder og fugle. I landbrugsområder i Danmark, Polen og Sverige, 
hvor minken forekommer langs vandløb udgør især smågnavere basisføden, men også 
fugle, fisk og padder er vigtige fødeemner, mens krybdyr, insekter og krebs udgør en 
mindre del af føden. En dansk fødeundersøgelse af 211 mink fra Thy og Bornholm 
viste, at mink først og fremmest æder småpattedyr 29-35%, fugle 9-21%, fisk 0-12% og 
padder 4-22%. Føden varierer med årstid og på Bornholm åd mink generelt flere fugle 
og småpattedyr og færre padder end minkene i Thy.  
 
Bestandstallet for mink i naturen kendes ikke, men vildtudbyttet steg kraftigt i 
slutningen af 1980-erne, fra omkring 1000 til knap 8000 mink omkring årtusind skiftet 
(Figur 1). Herefter er udbyttet igen faldet til i dag, hvor det årlige udbytte ligger under 
2000 mink (Figur 3). Vildtudbyttet af mink er stærkt faldende i Jylland, mens det på 
Fyn, Sjælland og Bornholm ser ud til at være stabilt (Figur 4).  Det debatteres, hvorvidt 
der findes en levedygtig vild bestand af mink i Danmark, og om minkbestanden i 
naturen opretholdes via undslupne farmmink, til trods for en stramning i 
hegningslovgivningen i 1999.  
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Mink på farme avles for at optimere længden og kvaliteten af skin. Det betyder at farm 
mink er blevet både tungere og længere gennem årene. Vægten hos både han- og 
hunmink holdt på farme er vokset med ca. 70% over de seneste 10-15 år mink (Figure 
5). I 2007 var mindre end 1% af mink hannerne på farme mellem 101 og 107 cm, og 
ingen pelse var over 107 cm (skind indhandlet via mink Kopenhagen Fur). In 2018, var 
23% af skindene fra hanmink mellem 101 og 107 cm, og 8% var længere end 107 cm. 
Lignende forhold gælder for hunmink, selvom de generelt er mindre en han. 
 
De mink som fanges i naturen består af to typer: 1) mink, som er født på en farm og 
undsluppet og 2) mink, som er født i naturen. Begge er i stand til at overleve på et 
naturligt fødegrundlag. 
 
Formålet med dette projektet er: 
 At undersøge om der er farmmink, som slipper ud i naturen. 
 At give et konservativt estimat på, hvor stor en procentdel af de mink som 
fanges i naturen, som er født på en farm.  
 At undersøge reproduktion og dødelighed hos mink fanget i den danske natur.  
 At teste om tetracyklin (et antibiotika, som anvendes til behandling af syge dyr 
på farme) eller andre stoffer kan bruges som biomarker (dvs. til mærkning af 
levende dyr) af farmmink, så farmmink kan identificeres når de fanges i naturen. 
 
1. Rapporten indeholder tre afsnit, med artikeludkast * til publicering: 1. [Metoder til 
genkendelse af farmmink i naturen] ” Methods for the identification of farm 
escapees in feral mink (Neovison vison) populations”. 2. [Reproduktion og 
mortalitet hos danske mink fanget i naturen] “Reproduction and mortality in wild 
born mink in Denmark”. 3. [Parasitter i danske mink fanget i naturen] ”Parasites in 
Danish mink”. 
 
* Resultaterne i denne rapport er baseret på undersøgelser der gennemført i perioden juni 2018 til 
1.december 2018. Der er indsamlet yderligere data, der vil blive anvendt ved udfærdigelsen af peer-
reviewed publikationer baseret på denne undersøgelse. De ekstra data vil ikke ændre konklusionerne, men 
udelukkende give et mere statistisk sikkert grundlag. Nærværende minkundersøgelse er baseret på 754 
mink indleveret til DTU-veterinærinstituttet, heraf 154 mink fanget i naturen fra 2014-2017, 292 mink 
fanget i naturen i 2018, samt 308 farmmink. For at have sammenlignelige data i de enkelte undersøgelser, 
indgår ikke alle mink i delundersøgelserne. Under de enkelte undersøgelser er kriterierne for de 
inkluderede mink angivet. 
 
 
 
 
1. Forskellige metoder til at identificere farmmink i naturen 
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I undersøgelsen testes tre forskellige metoder til at identificer mink fanget i naturen, 
som er født på en farm: 1. ”Univariat” - og ”Mixture” analyse (statistiske 
analysemodeller) af kropslængder hos mink fanget i naturen og mink fra farme. 2. 
recessive farvetyper. Med viden om, hvor stor andel letgenkendelige recessive 
farvetyper fx hvide, eller grå mink udgør af ”vildtfarvede” brune mink på farmene, 
kan mængden af undslupne mink estimeres ud fra farvetype.  3. Tetracyklin som 
blev anvendt på ca. 21% i 2017 (291 af 1400) og ca. 13% (180 af 1400) af farmene i 
2018 (Figur 7 og 8).  
 
Analyserne af kropslængder af farmede og vildtfangede mink viste, at der fandtes to 
signifikant forskellige subgrupper af længder, når minkene blev opdelt i hanner og 
hunner. Dvs. de mink, som var tilpasset livet i naturen, kunne adskilles fra de langt 
større farmede mink. I de vildtfangede mink fra Bornholm kunne Mixture analysen 
genkende 0% hanner og 1% hunner, som var undsluppet farme. Anderledes så det 
ud i det øvrige Danmark, hvor analysen identificerede 28.4% hanner og 21.6% 
hunner, som var født på farme, blandt de mink som var nedlagt i nature. På 
Bornholm ser der således ud til, at findes vild population af mink.  
 
Vurdering af andelen af vildtfangede mink på baggrund af farvetyper gav lignende 
resultater som Mixture analysen, nemlig at kun en lille del af minkene fanget på 
Bornholm var mink født på farme, dvs. 3%, mens ca. 32% af de vildtfangede mink i 
det øvrige Danmark var født på farm. Via tetracyklin-undersøgelsen af mink tænder 
(Figur 7) blev der fundet 5 tetracyklin-positive vildtfangede mink i det ”øvrige 
Danmark”, mens ingen mink fra Bornholm blev fundet med tetracyklin-positive. 
 
2. Reproduktion og dødelighed af mink i naturen. Når populationer skal modelleres, 
så man kan forudsige noget om en populations tilvækst eller fald i fremtiden, er 
kendskabet til individernes reproduktion og dødelighed, sammen med 
populationens nuværende størrelse nødvendig. Ved at undersøge danske minks 
reproduktion med en ny metode, som farver ar efter fostre i livmoderen hos mink, 
blev der fundet en kuldstørrelse på 6,5 hvalpe hos reproducerende hunner, og en 
produktion på 3,4 hvalpe, når man medregner de ikke reproducerende hunner. 
Denne kuldstørrelse er i overensstemmelse med kuldstørrelser fundet andre 
steder i verden (4-7 hvalpe). Beregning af populationens ”turn over” dvs. den 
andel af individer, som en population kan tåle at miste (dvs. afgår ved døden) før 
populationstilvæksten går i 0, kan beregnes på baggrund af en populations 
produktion af nye individer (reproduktion og produktion). Med en produktion hos 
danske mink på 3,4 hvalpe i gennemsnit, er antallet af nytilkomne pr. voksen 1,7 
pr voksen (gennemsnit for hun og han). Populationen har altså en tilvækst på 
62%, dvs når ca. 62% af populationen dør, så er tilvæksten 0. Det betyder, at den 
naturlige dødelighed sammen med jagt skal udgøre mellem 60 og 65% (”turn 
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over”), før minkbestanden vil være stabil eller falde. Da tilførsel (enten fra mink 
populationer uden for Danmark eller fra farme) også har indflydelse på en 
populations tilvækst, kan udslip af mink fra farme medvirke til at opretholde en 
vild bestand. 
  
3. Parasites hos mink i Danmark. Følgende parasitter blev undersøgt hos både 
vilde- og farmede mink: Trichinella spp., Toxoplasma gondii, Coccidier, 
Cryptosporidium og intestinale orm. Toxoplasma gondii var den mest prævalente 
parasit i vilde mink med mere end 40 % sero-positive dyr. Omvendt var ingen af 
farm minkene sero-positive for T. gondii. Alle mink, både vilde og farmmink var 
negative for Trichinella infektion, og kun få mink udskilte Cryptosporidium 
oocyster og æg fra intestinale orm. Isospora var mere prævalent hos farm mink 
end hos vilde mink, mens prævalensen af Eimeria var en smule højere hos vilde 
mink end hos farm mink. Vilde mink udgør en risiko for smitte med T. gondii til 
andre vilde- og domesticerede dyr. På nuværende tidspunkt tyder det på, at 
farmmink er T. gondii sero-negative, højst sandsynlig grundet deres manglende 
adgang til vilde dyr og fordi deres foder er uden Toxaplasma inficeret kød. 
 
Konklusion 
Resultaterne af undersøgelsen viser, at der stadig undslipper mink fra danske farme og 
at andelen af undslupne mink varierer mellem landsdele. På Bornholm blev der kun 
fundet en lille andel af farmink blandt mink fanget i naturen. Mixture analysen baseret 
på kropslængder viste at under 1% var undslupne farmmink på Bornholm, og analysen 
baseret på recessive farvetyper viste ligeledes under 3% farmmink. I det øvrige 
Danmark, viste både ”Mixture analysen” og udregninger baseret på recessive 
farvetyper, at omkring 30% af de mink, som fanges i naturen er farmmink (Mixture 
analyse 21%-28%, farvetype analyse 38%). Tidligere undersøgelser fra DCE, 
Bioscience af mink i perioden 1998 viste, at andelen af farmmink ud af mink fanget i 
naturen var over 80%. Vildtudbyttestatistikken og en beregning af turn over 
(reproduktion i forhold til dødelighed) tyder på at populationen af mink i naturen er 
under kontrol og svagt faldende, men det stadige udslip af farmmink kan betyde, at der 
opretholdes en bestand af mink i den danske natur. En yderligere indsats for at stoppe 
udslip af mink eller øget jagttryk på mink i naturen, vil sandsynligvis medføre et fald af 
mink i naturen.  
 
Resultaterne af virus og parasitundersøgelser viser, at mink fanget i naturen generelt er i 
en sundhedsmæssig fin stand, og at sygdomme ikke udgør en alvorlig fare for mink  
populationen.  
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2. English summary 
American mink (Neovison vison) originate from North America and are semi-aquatic 
carnivorous animals that have been bred in captivity for their fur for almost a century. In 
Denmark, mink is listed as an invasive species, and it is legal to hunt mink all year 
around.  
 
Over the years, mink have escaped from farms, both by accident and intentionally by 
being let out by animal rights activists. Feral mink are widely distributed across the 
Danish territory. The number of mink escapes from Danish farms is currently unknown. 
To prevent escapes, it became mandatory to put up a fence around mink farms in 1999 
and later also mandatory placing of traps and other precautions to prevent mink from 
escaping were introduced. The requirements have been revised latest in 2015. It has 
been debated whether or not there is a true feral population in Denmark and if farms in 
Denmark act as a source for the feral population, despite preventative laws regarding 
fencing and traps on the farm area.  
 
The feral mink population consists of two groups of animals, namely mink that are born 
in nature and more or less adapted to a living in nature, and mink that are born on mink 
farms and have recently escaped into nature. 
 
The population size of feral mink in the Danish nature is not known. However, the game 
bag records of mink have decreased during the past two decades. Around  year 2000 the 
number of mink bagged was around 8000,  and today less than 2000 mink are bagged 
(trapped and/or shot) annually.  
 
The purpose of this project is: 
 to verify if mink still escape from farms. 
 to give a conservative estimate of the proportion of mink that originate from 
farms and have recently escaped into nature out of the total number of bagged 
mink.  
 to investigate the reproduction, mortality and parasites of mink caught in the 
Danish nature.  
 to test tetracycline as biomarker for mink escaped from farms 
 
 
This knowledge is important in order to model the feral mink populations and to assess 
the efficacy of management and regulation of mink in the Danish nature. 
 
The report contains three sections with papers to be published: 1) The use of different 
methods for the identification of farm escapees in feral mink populations. 2) 
Reproduction and mortality in wild born mink. 3) Parasites in Danish mink. 
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1. The use of different methods for the identification of farm escapees in feral mink 
populations. Three different methods for identifying mink in the population of 
mink in nature were tested: a. Univariate and Mixture analysis of body size of 
farmed mink and feral mink. b. Recessive colour types c. Tetracycline as a 
biomarker for farmed mink. d. Antibodies from vaccinations of farmed mink, 
canine distemper (CDV) and mink parvo enteritis (MEV) virus as marker for 
farmed mink. Results from univariate analysis and the Mixture analysis show that 
the body length of mink at farms and in nature differ significantly and that 
subgroups within the population of wild caught mink can be identified. The 
Mixture analysis identifies 0% of the males and 1% of the females as escapes on 
the Island of Bornholm. While the analysis identified 28.4% of males and 21.6% 
of females as escapes from the remaining part of Denmark. On Bornholm, mink 
seem to have a sustainable wild population without supply from farms.  Colour 
type analysis revealed 3% escapees on Bornholm and the escapees in the 
remaining part of Denmark was estimated to be 32.2% 
 
2. Reproduction and mortality in mink. The most essential parameters for modeling 
populations are mortality, fecundity and initial population size.The most essential 
parameters for the mink population in Denmark is considered to be mortality, 
fecundity and initial population size. The litter size of reproducing females (6.5) 
and production (3.4) lie within the range of litter size (4-7 kits) found in other 
parts of Europe.  The calculation of turnover is based on the production of 
females of a species. Hence, the number of yearlings per adult in the population 
is 3.4 divided by 2 considering males. This means that the turnover is 62% i.e. 
that the total annual mortality in the mink population has to exceed 62%, if the 
mink population should decrease. Comparing the turnover to the mink mortality 
(average 65%) calculated from the life table analysis, means that the mink 
population is stable to decreasing. As immigrants are known to influence the 
modelled population size, the escapes may prevent a further decline in the mink 
population in Denmark.  
 
3. Parasites in Danish mink. The following parasite species were studied in feral 
and farmed mink: Trichinella sp., Toxoplasma gondii, Coccidia, 
Cryptosporidium and intestinal worms. T. gondii was the most prevalent parasite 
in feral mink with more than 40% being sero-positive. In contrast, none of the 
farmed mink were positive. All farmed and feral mink were negative for 
Trichinella infection, and very few were Cryptosporidium positive and positive 
for intestinal worms. Isospora were more prevalent in farmed mink than in feral 
mink, while Eimeria were slightly more prevalent in feral mink. The excretion 
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level for Eimeria was, however, significantly higher in wild mink. Feral mink 
present a risk of T. gondii infection to other wildlife and domestic hosts. At 
present, farmed mink seem to be T. gondii sero-negative, presumably because 
they have no access to wild animals and because the feed is free from 
Toxoplasma infected meat.  
 
Conclusion 
The study has demonstrated that farmed mink escape from the Danish mink farms, and 
that the proportion of escaped mink differs geographically. Mink escaped from farms 
make up only a minor proportion of the feral mink population on Bornholm (Mixture 
analysis 0%-1%, colour type analysis 3%),while the escapees in the remaining part of 
Denmark is estimated to be 32.2% (Mixture analysis 21%-28%, colour type analysis 
38%). A previous Danish investigation have estimated the proportion of escapees found 
in the wild to be above 80%.  Mink may have more favorable conditions on Bornholm, 
e.g. low competition from other predators. Based on the estimated turnover of feral 
mink, the population seem stable to slightly declining under the current conditions. 
However, escapees from farms may have a negative effect on the chance to control the 
population. Therefore, control of the fence around the farms to prevent escapes from the 
premises preferably combined with increased hunting pressure on feral mink will reduce 
escapees and also the feral mink population. Diseases are not an important risk for the 
population. 
 
3. Introduction and aims of study 
3.1 Mink at Danish farms 
American mink (Neovison vison) originate from North America and are semi-aquatic 
carnivorous animals that have been bred in captivity for their fur for almost a century 
(Nes et al. 1988). In Denmark, mink have been bred for their fur since the mid-1920s 
(Long 2003). The breeding has continued to increase since then, and Denmark is now 
one of the world’s largest producers of mink pelts. About 1,400 commercial mink farms 
housing 3.4 million breeding dams were registered in Denmark in 2017, and together 
they produce approximately 17 million pelts per year (Clausen 2017). Danish mink 
farms are primarily located in northern and western Jutland (Figure 1). 
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Figure 1. Location of active mink farms in Denmark in 2018. 
 
A year on a mink farm in the northern hemisphere starts in late October to early 
November when the breeding stock for the following year is selected based on health, 
behavior, size, and pelt quality. All animals not selected for breeding are skinned in 
November.  
 
Use of medicines including antimicrobials is of pronounced importance for ensuring the 
physical welfare of the animals in the livestock productions, in curing infectious 
diseases.The total amount of antimicrobials prescribed for use in the Danish mink 
production has been steadily increasing (Chriél et al. 2012). The new generation of feed 
trucks with automated dosing equipment for medication has eased the utilization of 
antimicrobials for oral use. Antimicrobials are often used for treating diarrhoea or 
pneumonia, and to a lesser extent for outbreaks of contagious diseases e.g.Pseudomonas 
aeruginosa pneumonia, or for secondary infections after outbreaks of mink influenza or 
canine distemper (Jensen et al. 2016). 
 
The seasonal pattern shows a dramatic peak in antimicrobial consumption in May 
(Nikolaisen et al. 2017). This is true for all antimicrobial classes, but most pronounced 
for the most used antimicrobials: aminopenicillins, macrolides, lincosamides with 
spectinomycin, and tetracyclines. The prescribing of tetracycline also increases into the 
autumn (June–October), when the kits are growing and the biomass of the farm mink 
population is significantly higher. 
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Fencing the mink facilities became mandatory in 1999 (Anon 1999). The fence must be 
minimum 150 cm above surface and dug 50 cm into the ground. The surface of the 
fence must be smooth in order to avoid mink climbing over the fence. In 2002, it was 
specified that gateways for trucks must be closed when not in use, and doors for staff 
must close automaticaly. In addition, all corners must be covered to avoid mink passing 
the fence, and traps must be placed around the gateways (Anon 2002) and along all 
walls and checked twice a day (Anon 2006) (Figure 2). The checking of the traps may 
be electronically operated (Anon 2015). 
 
Figure 2. Photos from a Danish mink farm. Open gate (top left), corner with cover and trap (top 
right), fence around the mink cages with extra traps if fence is longer than 100 m (bottom left), 
lock and trap at the gate (bottom right). 
 
3.2 Mink in the Danish nature 
Over the years, mink have escaped from farms, both by accident and intentionally by 
the opening of the cages by animal rights activists (Baagøe and Jensen 2007, Bonesi and 
Palazon 2007, Pertoldi et al. 2013). The annual number of mink escaped from farms in 
Denmark is unknown (Hammershøj and Asferg 1999). However, today mink can be 
found all over Denmark except from some small islands (Baagøe and Jensen 2007). 
Normally, mink disperse from 10 to 50 km from their native grounds, and the yearly 
speed of mink spreading to new areas has been estimated to be between 0.7 km and 5 
km with a mean of 2 km per year (Iordan et al. 2012).  
 
 14 Mink in Danish nature 
Mink escaped from farms have previously shown a 25 % chance of surviving the first 
three months in the wild (Hammershøj et al. 2006). It is debated whether or not there is 
a self-maintainingferal population in Denmark, like in most European countries. This 
leads to the conclusion that farms in Denmark may act as a source for the feral 
population, despite preventative laws regarding fencing and traps within the farm area 
(Anon 2006).  
 
The numerical size of the feral mink population in the Danish nature is not assessed in 
this report. However, annual bags of mink increased markedly in the late 1980s from 
around 1000 mink to around 8000 mink around the millennium (Figur3). After that, 
bags decreased, and today less than 2000 mink (in 2017: 1844 mink) are trapped or shot 
each year (Baagøe and Jensen 2007, Christensen et al. 2017) (Figur3). Also the number 
of hunters reporting mink to the mandatory Danish Game Bag Record has decreased, 
but the mean number of mink reported per hunter has been stable (2006: the number of 
hunters reporting mink were 1289 with a mean of 2.6 mink per hunter, ranging between 
1 and 32 individuals; 2017: number of hunters reporting mink were 629 with a mean of 
2.9 mink, ranging between 1 and 31 individuals, Thomas Kjær Christensen, DCE). 
Hence, the decrease observed in game bags of mink may be due to either a decline in 
population size or the interest in hunting mink – or both.   
 
 
 
 
Figure 3. The national bag of mink from 1968 to 2017 Danish Game Bag Record, Institute for 
Bioscience, University of Aarhus. Grey arrow: Fencing of mink farms became mandatory. 
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Although the national bag during the seasons 2006-2017, including the  bag of Jutland, 
have decreased markedly, the game bags of Funen and Zealand have remained almost 
stable, and the number of mink caught on Bornholm has increased (Figure 4).   
 
Figure 4. Bag records of mink from 2006 to 2017 in different areas of Denmark: Jutland, Funen, 
Zealand and Bornholm. Danish Game Bag Record, Institute for Bioscience, University of 
Aarhus.  
 
 
In agricultural areas in Denmark, Sweden and Poland, mink are found in wet areas 
along streams and lakes and the basic diet consists of small rodents. However, also 
birds, fish, amphibians, insects and crayfish are important diet items for mink 
(Hammershøj et al. 2004, Krawczyk et al. 2013). A Danish investigation into the diet of 
mink collected in Thy and on Bornholm showed that small rodents made up 29 to 35%, 
birds 9 to 21%, fish 0 to 12% and amphibians 4 to 44% of the diet, and it revealed that 
the diet of mink on Bornholm included more birds and small rodents and less 
amphibians than mink living in Thy (Hammershøj et al. 2004). 
 
3.3 Aims and studies 
Feral mink populations consist of two groups of animals, namely mink that are born in 
nature and more or less adapted to living in nature, and mink that are born on mink 
farms and have recently escaped into nature.  
 
The purpose of this project is to estimate the proportion of mink that have been born on 
farms and later escaped into nature out of the total number of bagged mink.  
In addition, the reproduction, mortality and health condition of mink caught in the 
Danish nature is investigated. This knowledge is important in order to model mink 
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populations in nature and to make management plans for control or eradication of mink 
in the Danish nature. 
 
 
4. Identification of farm escapees in feral mink populations 
4.1Introduction 
4.1.1 Previous estimations of escapes from farms 
It is often of biological and management interest to be able to separate the population of 
feral mink into the population of mink born in nature from mink that have been born on 
farms and escaped. Studies of litter size and demography of the feral mink population 
may be biased by significant escapes of farmed individuals. Pertoldi et al. (2013) 
conclude from a stochastic population simulation software VORTEX that the most 
conclusive parameters for the mink population are mortality, fecundity and initial 
population size. However, immigration will have an effect on the chance to control a 
population. In order to reduce the number of feral mink in Denmark, it is essential be 
able to detect and prevent escapes from farms and to increase hunting bag.  
 
There have been two previous investigations into separating feral mink from farm mink 
caught in nature (Hammershøj et al. 2005, Brzeziński et al. 2014). A previous Danish 
study based on the microsatellite of 86 individuals and stable isotope analysis of 226 
animals showed that most mink (more than 80%) recently had escaped from farms 
(Hammershøj et al. 2005). The isotope analysis was later questioned, as the isotope 
analysis is based on the assumption that feral mink mainly feed on a terrestrial diet, and 
that farmed mink mainly feed on marine diet items. However, farmed mink are fed a 
Mixture of by-products from both the fish and meat industries, and feral mink may feed 
on marine fish entering streams, and they are commonly found at harbours where they 
have access to marine fish.  
 
In a Polish study chemical markers such as Hg and Cu were used for the identification 
of first generation mink farm escapees (Brzeziński et al. 2014).  By analyzing the 
accumulation of 13 chemical elements in the liver and kidney samples, significant 
differences were found in the levels of Hg and Cu in the livers and kidneys of farmed 
and feral mink, e.g. the total mercury levels were up to 15-fold higher in the kidney, and 
up to 7-fold higher in the liver of feral mink compared to farmed mink (Brzeziński et al. 
2014).  
 
The aim of this study is to identify escaped farm mink in nature using three methods: a. 
Mixture analysis of body size of farmed mink and feral mink. b. Tetracycline as a 
biomarker for farmed mink. c. Antibodies from vaccinations of farmed mink, canine 
distemper (CDV) and mink parvo enteritis (MEV) virus as marker for farmed mink.  
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4.1.2 Increasing body size in farmed mink 
Farmed mink are bred and fed to optimize the length and the quality of the mink 
because the value of a mink pelt increases with the length and quality of the pelt. This 
means that mink on farms have become larger over the years. In 2007, based on sales 
data from 14 mill mink from Kopenhagen Fur, 0.2% of the farmed male mink pelts 
were between 101 and 107 cm, and no pelts were longer than 107 cm. In 2018, 23% of 
the male mink pelts were between 101 and 107 cm, and 8% longer than 107 cm. 
Although female skins are smaller, a similar extension of female pelts was apparent. 
Also, both bred males and females have increased mean weight by around 70% during 
the past 10-15 years (Figure 5).  
 
 
 
Figure 5. Increase in weight of breeding farm mink from 2000 to 2017. (pers. comm. J. Clausen, 
Kopenhagen Fur). 
 
Mink bred on farms are selected for size, have ample food conditions, are kept in good 
health, and if necessary, they are treated with antibiotics and other medication in case of 
diarrhoea or other illnesses, there is no intra- or interspecific competition with other 
predators. Hence, natural selection pressure is released. Thus, farmed mink are poorly 
adapted to natural conditions, and the survival rate of escaped mink is low 
(Hammershøj 2004). Natural selection in farmed mink is therefore expected to be strong 
immediately after escape from a farm. Generations of mink living in nature have to 
adapt their body size, colour, behavior and biology to be able to survive in natural 
conditions (Zalewski and Bartoszewicz 2012). 
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An increasing number of papers support the hypotheses that geographic variation in 
body size within a species is caused by local or temporal variation in food supply (e.g. 
Kolb and Hewson 1980,Gortázar et al. 2000,Yom-Tov et al. 2003, Zalewski and 
Bartoszewicz 2012,Yomtov et al. 2007,Pagh et al. 2018b). Basically, there are two ways 
that food influences the body size of full grown individuals. First, ample nutrition 
during the individual’s development is essential in obtaining optimal body weight. In 
free ranging populations, variation in food supply from year to year, is known to 
produce cohorts of generations with different mean body weight caused by yearly 
fluctuations in food supply (Lindström1983, Baker 2004, Pagh et al. 2018a). Secondly, 
the full grown body size of an individual may genetically be adapted to “bottleneck” 
periods, e.g. winter periods with sparse food supply. Individuals with relatively small 
body size need less food in “bottleneck” periods to maintain energy reserves, and 
therefore have larger chances of surviving than large individuals do (Zub et al. 2011). 
On the other hand, a small body size may lead to a relatively low reproduction. Hence, 
body size is a balance between advantages and disadvantages, e.g. energy need and 
reproduction (Zalewski and Bartoszewicz 2012). 
 
Some introduced species are known in one or few generations to change rapidly in 
response to a changing environment (Dayan and Simberloff 1994). This also applies to 
mink (Zalewski and Bartoszewicz 2012, Melero et al. 2010, Melero et al. 2012). In a 
survey of the body size of mink during its colonization of Warta Mouth National Park, 
west Poland,the body size of mink changed significantly from 1996 to 2004 (Zalewski 
and Bartoszewicz 2012). The mean body weight of males dropped 13% from 1.36 to 
1.18 kg and that of females 16% from 0.83 to 0.70 kg (Zalewski and Bartoszewicz 
2012). These changes were ascribed to changes in food availability (Zalewski and 
Bartoszewicz 2012). 
 
4.1.3 Recessive colour types of farmed mink 
Farmed mink in Europe originate from wild mink caught in Canada and the USA during 
the 19th and beginning of the 20th century (Nes et al. 1988). Mink in the wild are mostly 
brown, often with white markings on the throat and belly. Mink on farms have been 
bred towards denser fur and in many different genotypes (pelt colours), mostly based on 
recessive mutations (Nes et al. 1988). The number of individual colour types bred 
changes with fashion over the years. In 2017, around one third of the mink bred on 
farms were of the dominant brown, which is close to the colour found in feral mink 
(Figure 6, Dansk Pelsdyravl 2018).  
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Figure 6. Distribution of colour types of mink bred at farms in 2018 (Dansk Pelsdyravl 2018) 
 
4.1.4 Tetracycline a biomarker of farmed mink 
The tetracycline method as biomarker was developed in collaboration with The Dental 
School in Aarhus Sussi Madsen, David Chr. Evar Kraft (Institut for Odontologi ond 
Oral Helth) and Niels Roslev and Niels Iversen (AAU). Tetracycline (TC) is a broad-
spectrum antibiotic widely used at Danish mink farms. Tetracycline is used as a 
biomarker, e.g. wildlife vaccination programs against viruses, and used in individual 
labeling in connection with "capture recapture" studies to estimate population sizes (e.g. 
Garshelis and Visser 1997, Bugnon et al. 2004). Tetracycline is embedded in the growth 
layers of the dental cements and bone tissue, and can be detected for several years or the 
rest of the individual’s life (Robardet et al. 2011). Observed under an epifluorescence 
microscope, the tetracycline markings can be seen as yellow markings (Figure 7).  
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Figure 7. Photos show thin slices (70-100 my) of the tooth root apex from mink under a 
microscope, left photo a mink treated three times with tetracycline(TC) and right photo a slice 
from a tooth root from a mink not treated with TC. TC can be seen as bright yellow bands in 
the tooth cementum (arrows).  
 
In Denmark, a farm is defined by an identity code (CHR-ID) within the Central 
Husbandry Registers (CHR). The CHR-ID was used to merge data from different 
sources. Data on all prescriptions of antibacterial medicines and vaccines for mink in 
2017 and October 2018 were extracted from the Danish Veterinary Medicine Statistics, 
VetStat (Stege et al. 2003). The VetStat database has national coverage and contains 
detailed information about all veterinary prescription of vaccines, therapeutic drugs and 
antimicrobial feed additives on species and herd level. VetStat data are regarded as 
covering more than 99% of the total prescribed amounts of antimicrobials for veterinary 
use (DANMAP 2012).  
 
For this study, only vaccine sales for mink and antimicrobial products containing 
tetracycline for local gastrointestinal (GI) or systemic treatment were extracted. 
Antimicrobial usage was dichotomized by the CHR-ID and year. 
 
Tetracycline is not accessible to mink in nature and can therefore be used as a marker 
for mink originating from farms.  According to information in VetStat, TC for oral use 
was prescribed to 291 farms (i.e. around one fifth of the total farms) on average 1.8 
times per year in 2017, and to 180 farms in 2018 (Jan-Oct) on average 1.5 times per 
year (Figure 8). 
 
 
 
Figure 8. Farms using tetracycline (●) and farms with no use of tetracycline (o), 2017 (left), Jan-
Oct 2018 (right). 
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4.1.5 Antibodies in farmed mink 
Regarding the vaccines, more than 90% were sold directly from the pharmacy to the 
farm on veterinary prescription, whereas about 5% was distributed from the pharmacies 
via the veterinarian. The vaccines against canine distemper virus (CDV) and mink parvo 
enteritis virus (MEV) were dichotomized by the CHR-ID and year.  
 
To protect farmed mink from diseases, animals are vaccinated against canine distemper 
(CDV) and mink parvo enteritis (MEV) virus. The CDV vaccine is a modified live-
attenuated vaccine, and the MEV vaccine is an inactivated vaccine, and applied 
correctly under farm conditions, they induce protective immunity.  It is not mandatory, 
so it is up to individual farmers to assess the risk of introduction of the disease at the 
farm.  
 
Since the canine distemper and virus enteritis have high mortalities, antibodies are 
rarely found in mink living in nature. Hence, detection of antibodies in the blood of 
feral mink will indicate that the mink has been vaccinated and therefore originates from 
a farm. Vaccination of mink against CDV was carried out at 550 farms in 2017 (Figure 
9) using a total of 6.1 million doses corresponding to approximately 1/3 of the produced 
mink in 2017. In 2018, 337 farms were vaccinated using 3.7 million doses 
corresponding to approximately 20% of the annual production (Figure 9). 
 
 
 
Figure 9. Vaccination of mink for canine distemper virus (CDV), on the left in 2017 and right in 
2018. 
 
Vaccination of mink against MEV was carried out at 614 farms in 2017 (figure 10) 
using a total of 7.4 million doses corresponding to approximately 40% of the produced 
mink in 2017. In 2018, 400 farms were vaccinated using 4.8 mill doses corresponding to 
approximately 1/4 of the annual production (figure 10). 
 
 22 Mink in Danish nature 
 
 
Figure 10.Vaccination of mink against mink parvo enteritis virus (MEV), on the left in 2017 and 
on the right in 2018. 
 
Aleutian Mink Disease Virus (AMDV) is controlled at Danish farms through an 
eradication program (Anon 2018), and most years the infection of farmed mink can be 
confined to the northern part of Jutland. However, despite the absence of the disease in 
farmed mink on Bornholm for decades, the infection is still present in feral mink. 
Antibodies against AMDV were detected in 45% of feral mink on Bornholm, and only 
in 3% in the rest of Denmark (Jensen et al. 2012). The AMDV strain is probably not as 
pathogenic and have a lower mortality as the strain found in farmed mink. A similar 
finding was noted in Sweden (Pearsson et al. 2015). In this study, 256 feral mink were 
tested for antibodies, and 43 were positive. AMDV strains at farms are often more 
pathogenic and cause higher morbidity and mortality (Jensen et al. 2012). 
 
4.2 Methods for identification of farmed mink in nature 
In all 147 mink from farms and 234 wild mink submitted for necropsy at the National 
Veterinary Institute from September 2014 to May 2018 were used for this analysis. 
Mink caught in the nature were submitted by hunters, and farmed mink originated from 
the diagnostic submissions for farmed mink. Feral mink was sampled from Jutland, 
Funen, Zealand and Bornholm. Until necropsy, the mink were stored at -20°C. At 
necropsy, the sex, the body length and the tail length were measured to the nearest cm 
and weight to the nearest 100g. Colour was determined by the use of colour templates 
with colour types known from farms. Two canine teeth from all feral mink were 
removed for age determination and tetracycline test. Also, 70 canine teeth from farmed 
mink known to have been treated and not treated were removed to validate the 
tetracycline method. Teeth were refrozen until analysis. 
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Figure 11. Locations were 262 mink from hunters were collected in 2018 for this investigation. 
 
4.2.1Mixture analyses of body size of farmed mink and mink caught in the wild 
The farm mink were analysed keeping the sexes separate and were called Farm males 
(FM) and Farm females (FF). The number of individuals, the means and the standard 
errors of the mink body length excluding the tails were estimated. A box-plot was used 
to graphically depict groups of numerical data through their quartiles. 
 
A one-way ANOVA was conducted for testing whether there are significant differences 
in the mean of the body length of Bornholm wild caught males (BWCM) and females 
(BWCF), of Danish wild caught males (DWCM) and females (DWCF) and of farm 
males (FM) and females (FF).  
Tukey’s pairwise test was conducted for testing whether there are significant differences 
in meanbody length of Bornholm wild caught males (BWCM) and females (BWCM), of 
Danish wild caught males (DWCM) and females (DWCF) and of farm males (FM) and 
females (FF).  
 
If significant differences in means of body length is found between different groups, 
Mixture analysis (McLachlan and Peel 1998), can be conducted in order to determine 
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how many of the wild caught males and females could potentially be escapees from 
farms. 
  
Mixture analysis is a commonly used method for dividing groups or a set of objects in 
such a way that objects in the same group (called a cluster) are more similar to each 
other than to those in other groups (clusters). It is a common technique for statistical 
data analysis, used in many fields e.g. evolutionary genetic, constructing phylogenetic 
trees and pattern recognition. 
 
With Mixture analysis the following is tested: 
a. Firstly, it is tested how many BWCM and BWCF were assigned back to FM and 
FF respectively. This analysis has been conducted in order to quantify the 
relative number expressed in % of mink escaped from farms which have been 
captured in the wild on Bornholm. 
b. Secondly, it is tested how many DWCM and DWCF were assigned back to FM 
and FF respectively. This analysis has been conducted in order to quantify the 
relative number expressed in % of mink escaped from farms which have been 
captured in the wild in Denmark. 
 
The Mixture, Gaussian Mixture Models analysis was used to determine how many 
probable clusters (or groups) could compose the individual analysis. In this specific 
case, it analyses how many clusters are determining the frequency distribution of the 
body length of for example the males and females obtained from the farms. 
 
Each set of mink (set 1: (FM + BCWM), set 2: (FF + BCWF), set 3: (FM + DCWM) 
and set 4: (FF + DCWF)) was divided into clusters using Gaussian Mixture Models, 
which evaluates the likelihood of a set consisting of a given number of clusters. A limit 
of maximum 5 clusters was used. For each number of clusters per set, the quality of the 
model was calculated using a corrected Akaike’s information criterion (AICC). The 
difference in AICCwas measured between each number of clusters from highest to 
lowest, and the best number of clusters was chosen when the difference in AICCdid not 
exceed a difference of 2% from the lower number of clusters. Given a set of candidate 
models for the data, the preferred model is the one with the minimum AIC value. Thus, 
AIC rewards goodness of fit (as assessed by the likelihood function), but it also includes 
a penalty that is an increasing function of the number of estimated parameters. The 
penalty discourages overfitting, because increasing the number of parameters in the 
model almost always improves the goodness of the fit.  
 
The algorithm utilized for the Mixture analysis does not require any specific a priori 
assumption, which means that the software does not require the information whether a 
mink belongs to a farm or has been captured in the wild. The software clusters 
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automatically assign each mink to its most probable cluster, and the a posteriori 
probability of an individual belonging to the cluster it has been assigned to is estimated. 
In order to get a conservative estimates of the mink captured in the nature but assigned 
back to farm, we considered only a mink as a potential escapee if the value of each 
probability density function for being assigned to wild or farm is at least 20 times higher 
in one of the two groups (wild or farm). We therefore divided for each individual the 
lowest value of the probability density function with the highest value all the times that 
the value was higher for farm compared to the value of wild and if the ratio was below 
0.05, then we assigned the wild captured mink to the farm and consider such individual 
as an escape.  
 
The software program Paste was used for all statistical analysis 
(https://folk.uio.no/ohammer/past)  
 
4.2.2 Method colour  
The colour of all mink collected in 2018 (Figure 11) was classified. Most colour types 
bred at farms (cross, silver blue, sapphire, white, palomino, pearl and pastel) are 
recessive genes and will if mated with another colour type or dominant brown produce 
offspring of the dominant brown. Therefore, the recessive colour types of mink can be 
identified as mink that have recently escaped from farms. As the part of farmed mink 
with the dominant is 34%, the percent of recessive colour types in the population of 
mink on Bornholm and mink in the rest of the country was estimated and added by 34% 
(Figure 6). 
 
4.2.3Method tetracycline 
To validate tetracycline as a biomarker teeth from mink known to have been treated 
with tetracycline, and mink that have not been treated with tetracycline were compared. 
Thin sections (70-100 my) three mm from apex of the tooth root were placed under the 
microscope to measure the width of the pulp cavity compared to dentine width, and to 
count the number of cementum lines. The thin tooth sections were examined for 
tetracycline markings under a microscope. The number of tetracycline markings in the 
population of feral mink on Bornholm and in the remaining part of Denmark was 
compared to the number of farms using tetracycline in the area. 
 
4.2.4 Method antibodies 
Blood and serum samples were obtained from feral mink when necropsied. The blood 
samples were tested for antibodies against AMDV (Dam-Tuxen et al. 2014). Serum 
samples were tested for antibodies against CDV and MEV using ELISA tests 
(TiterCHEK® CDV/CPV) and used according to the manufacturer’s instructions to test 
for antibodies after vaccination of farmed mink. Positive result for canine distemper 
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virus indicate serum neutralizing titers at and above 1:16 and for canine parvovirus at 
and above 1:180. 
 
4.3. Results of identifying farmed mink in wild caught mink 
4.3.1 Mean body length of different groups of mink 
The difference in body length of BWCM, BWCF, DWCM, DWCF and FM and FF 
showed to have different means (Table 1).   
 
Table 1.  The mink body length excluding the tails of farm males (FM), Bornholm wild caught 
males (BWCM), Danish wild caught males (DWCM), females (FF),females (BWCM) and females 
(DWCF). Sample size (N), mean, minimum (Min), maximum (Max) values, standard errors (std. 
error), median and 25 and 75 percentile   
 
FM FF BWCM BWCF DWCM DWCF 
N 63 84 84 49 95 139 
Min 48 40 36 32 36 34 
Max 68 50 57 45 52 49 
Mean 52.1 44.0 43.7 37.,5 44.1 40.7 
Std. error 0.4 0.2 0.3 0.3 0.4 0.3 
Median 52 44 44 38 44 41 
25 prcntil 51 43 42 36 42 38 
75 prcntil 53 45 45 39 47 43 
 
A one-way ANOVA was highly significant (F5,508= 189.8, p < 0.001) and therefore a 
Tukey’s pairwise test was conducted for testing which mink groups were significantly 
different from each other (see table 2). 
 
A box plot of the mink body length of the six groups (Figure 12): Bornholm wild caught 
males (BWCM), Bornholm wild caught females (BWCM), Danish wild caught males 
(DWCM) and females (DWCF) and of farm males (FM) and females (FF) show that 
both farmed and wild males are statistically larger than females. However, the largest 
sexual ditypeism is found in farmed mink. Also, farmed males are significantly larger 
than wild caught males on Bornholm and males from the remaining Denmark. Farmed 
females are significantly larger than wild caught females from Bornholm as well as 
females from the rest of Denmark. 
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Figure 12.Box plot of the mink body length excluding the tails of Bornholm wild caught males 
(BWCM) and females (BWCM), of Danish wild caught males (DWCM) and females (DWCF) and 
of farm males (FM) and females (FF). The rectangles represent the 95% confidence intervals  
 
The Tukey’s tests revealed highly significant differences between males and females, 
with males having higher means compared to females and that the FM have 
significantly higher mean body length than the BWCM and DWCM. Also, the FF have 
significantly higher mean body length than the BWCF and DWCF. Finally, the DWCF 
mean was significantly different from the BWCF (Table 2). 
 
 
 
Table 2. Tukey’s pairwise test was conducted for testing if there are significant differences in 
mean body length excluding the tails of Bornholm wild caught males (BWCM) and females 
(BWCM), of Danish wild caught males (DWCM) and females (DWCF) and of farm males (FM) 
and females (FF). (*** = p < 0.0001; n.s. = non-significant). 
 
FM FF BWCM BWCF DWCM DWCF 
FM 
 
*** *** *** *** *** 
FF 
  
n.s. *** n.s. *** 
BWCM 
   
*** n.s. *** 
BWCF 
    
*** *** 
DWCM 
     
*** 
DWCF 
      
 
Also, cumulative curves demonstrate clear divisions in the body length of farmed mink 
and mink caught in nature (Figure 13). 
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a                                                                        b 
 
 
c                                                                         d 
 
Figure 13 a-d. Cumulative curves of body length of farm mink and mink caught in nature. 
 
Given the highly significant differences between the different groups, the following 
Mixture analysis (McLachlan and Peel 1998) was conducted in order to determine how 
many of the wild caught males and females could potentially be escapees from farms.  
 
4.3.2. Groups identified by Mixture analysis 
In all the sets analyzed the optimal number of clusters was 2, and therefore in all the 
analyses the Mixture analysis provided the number of individuals which was assigned to 
cluster 1 and cluster 2. The two clusters have a mean and a standard deviation 
characterizing the distributions of the two clusters, in addition, the number of 
individuals in % composing the clusters is provided by the software.  
 
Given the fact that both FM and FF have shown to have a higher mean than the males 
and females captured in the wild (see the results of the Tukey’s test above), we consider 
that the individuals assigned to cluster (1) are the farm mink belonging to farms which 
are correctly assigned to farms when analyzing the sets: set 1: (FM + BCWM), set 2: 
  
Mink in Danish nature 29 
(FF + BCWF), set 3:(FM + DWCM) and set 4: (FF + DWCF) and that individuals 
assigned to cluster (2) are the individuals captured in the wild and that are assigned to 
the wild population. 
 
The Mixture analysis of male mink on Bornholm identifies two natural groups, one 
group with a body length mean ± SD 43.06 ± 2.6 cm (BWCM), and one group with a 
mean ± SD of 50.41 ± 4.0 cm (FM). Of the 84 wild caught males 72 (85.7%) (Figure 
14), however, with a more conservative criterion, demanding that the ratio between the 
lowest probability value of each probability density function assigned to wild or farm 
has to be at least 20 times higher in one of the two groups (wild or farm), from now 
called “criterion 0.05”, means that no male mink from Bornholm were assigned to the 
farms. This means that the BWCM population can be considered as a truly wild 
population i.e. 0% of the male mink caught on Bornholm is considered to be escapees.  
 
 
Figure 14. Density distribution of the body length of the clusters identified by the mixture 
analysis for the following sets: set 2: (FM + BCWM). 
 
 
      Prob Mean Stdev correctly assigned (%)  
Cluster 1 FM         0.57906 50.41 4.0,  63/63 correctly assigned = 100% 
Cluster 2 BWCM 0.42094 43.06 2.6,  72/84 correctly assigned = 85.7%, (criterion 
0.05 = 0 escapees). 
 
The Mixture analysis of female mink on Bornholm identifies two natural groups. Of the 
84 wild caught females 83 individuals (98.8%) were identified as belonging to the 
group BWCF i.e. truly wild (Figure 15). Only one females captured in the wild was 
considered as escapee following the criterion 0.05, which means that approx. 1% of the 
females captured in the wild can be considered escapees. 
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Figure 15. Density distribution of the body length of the clusters identified by the mixture 
analysis for the following sets: set 3: (FF + BWCF).  
 
Prob Mean Stdev correctly assigned (%) 
Cluster 1 FF         0.62174 44.13 1.6,  47/49 correctly assigned = 95.9%  
Cluster 2 BWCF  0,37826 37.49 1.9,  83/84 correctly assigned = 98.8% (criterion 
0.05 = 1 escapee). 
 
The Mixture analysis of male mink caught in the remaining part of Denmark identifies 
two natural groups. Of the 95 wild caught males, 44 individuals (46.3%) were identified 
as belonging to the group DWCM, i.e. truly wild (Figure 16). Twenty seven males 
captured in the wild were considered as escapees following the criterion 0.05, which 
means that approx. 28.4% of the males captured in the wild can be considered escapees. 
 
Figure 16. Density distribution of the body length of the clusters identified by the mixture 
analysis for the following sets:  set 4: (FM + DWCM). 
            Prob.                           Mean Stdev correctly assigned (%)  
Cluster 1 FM                     0,73  49.40 4,0,   63/63 correctly assigned = 
100% 
Cluster 2 DWCM              0,27  41.60 2.0,   44/95 correctly assigned = 
46.32%, (criterion 0.05 = 27 escapees). 
 
 
The Mixture analysis of female mink caught in the remaining part of Denmark identifies 
two natural groups. Of the 139 wild caught females, 48, individuals (34.5%) were 
identified as belonging to the group DWCF, i.e. truly wild (Figure 17).  Thirty females 
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captured in the wild were considered as escapees following the criterion 0.05, which 
means that approx. 21.6% of the females captured in the wild can be considered 
escapees. 
 
 
Figure 17. Density distribution of the body length of the clusters identified by the Mixture 
analysis for the following sets: set 5: (FF + DWCF)  
 
Prob Mean Stdev correctly assigned (%) 
Cluster 1 FF         0.80 43.18 2.0,  84/84 correctly assigned = 100% 
Cluster 2 DWCF  0.20 36.99 1.5,  48/139 correctly assigned = 34.5% (criterion 0.05 
= 30 escapees). 
 
4.3.3 Colour types in wild caught mink 
Colour types of mink were found in the feral population on Bornholm as well as in the 
feral mink of the remaining part of Denmark. On Bornholm, 2.0% of the mink caught in 
nature were recessive colour types and in the remaining part of Denmark 24% colour 
types were found (Table 3). Adding the percent of famed mink of the brown colour 
type, this means that 2x1.34 on Bornholm 3% of the mink are considered escaped using 
colour types and 24%x1.34 =32.2% in the remaining part of Denmark using colour type 
as estimate for escaped mink. We should bear in mind that 0% of the males and 1% of 
the females mink caught on Bornholm are considered to be escapees, and that 28.4% of 
the males and 21.6% of the females mink caught in Jutland, Funen and Zealand are 
considered to be escapees. If we assume that colour types in a mink can be considered 
as a strong probability that we are dealing with an escapee, then there is quite good 
concordance with the finding of the Mixture analysis which indicate the presence of a 
higher amount of escapees in Jutland, Funen and Zealand compared to Bornholm. 
 
Table 3. Colour types found among feral mink from Bornholm and the remaining part of 
Denmark in 2018. 
 
Bornholm Remaining Denmark 
With known colour 92 100 
Unknown, skinned 2 57 
Dominant brown 91 76 
Colour types 2 24 
% types in the population 2% 24% 
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4.3.4 Identification by tetracycline 
The TC marking method was tested in the canine tooth from 41 mink from farms using 
tetracycline and 27 mink from farms not using TC. Thin slices (70-100 my) were cut 2 
and 3 mm from the apex of the tooth root with a Leiden saw. Prior to the cut, the teeth 
were casted and cured for one week. The tooth sections were placed under a Darpi filter 
and a Tetracycline filter and examined for florescence from tetracycline.  
 
TC was found in 38 of the 41 teeth from farms treating mink with TC, i.e. three false 
negative were found, and no teeth from individuals from farms not treated with TC were 
found positive, i.e. no false positives were found. Individuals caught in the nature with 
TC markings are therefore mink from farms using TC.  
 
The tetracycline test of wild mink will not be finished before January 2019. However, 
tetracycline was found in feral mink in 2018. 
 
4.3.4 Identification by antibodies 
In total, 43 out of 229 mink were positive for AMDV antibodies. All the positive mink 
originated from Bornholm: One mink was grey and the rest were brown. In total, 6 mink 
had antibodies for CDV, and 2 for parvovirus, including one for both. Five were brown, 
and one was white and one was pearl. None of the seven positive mink originated from 
Bornholm, but two from Zealand and the rest from Jutland.  
 
4.5 Discussion of identification of newly escaped farm mink 
Results from the univariate analysis of body length demonstrated clear divisions 
between the mean body length of males and females from farms and the feral mink 
population. The Mixture analysis show that it is possible to recognise two groups in the 
wild caught population and separate wild living mink from escaped farmed mink. The 
Mixture analysis of wild caught mink from Bornholm show that there is a wild living 
feral population on Bornholm, and that there are either few escapees from farms or a 
very low survival of mink escaped from farms. Only 0% of the males and 1% of the 
females are identified as escapees among the feral mink on Bornholm. The Mixture 
analysis of mink from the remaining part of Denmark indicate that there are more 
escapees from farms in these populations, 28.4% of males and 21.6% of females.  
 
Especially on Bornholm does mink seem to be able to survive in the wild and this may 
be due to no competition from other predators, i.e. otter and fox.  
 
Comparing the percent of escapees found by the Mixture analysis and colour types are 
more or less alike on Bornholm 0%-1% and 3%, respectively, and in the remaining part 
of Denmark 21.6%-28.4% and 38%, respectively. Both methods reveal that a significant 
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number of mink are still escaping from farms, and that escapees still make up a 
significant part of the feral population of mink. 
 
Detection of AMDV antibodies in mink from Bornholm corresponds to previous 
findings (Jensen 2012). The fact that the antibodies were found in brown mink may be 
attributed to selection pressure on other colours as the brown type is known to be more 
robust to the virus infection. 
 
Since the mortality rates of canine distemper and mink parvo virus are high, it is very 
unlikely to detect antibodies in mink living in nature. Hence, detection of antibodies in 
the serum of an animal will indicate that the animal has been vaccinated and therefore 
originates from a farm. Despite only few mink being positive for antibodies, this 
indicates that the mink were vaccinated before escaping the premises.  
 
The quality of the serum samples obtained from wild life is always of a poor, and this 
may play a role in the detection of antibodies for CDV and parvovirus. We have used a 
canine kit for detection of antibodies, and this may lower the sensitivity of the test, but 
will have no impact on the specificity. 
 
5. Reproduction and demography of mink 
5.1 Introduction 
5.1.1 Reproduction of feral and farmed mink 
In nature, mink are polygamous. Males mate with more females, and males may have 
almost twice the body size of females (Thom et al. 2004). In the Nordic Countries, feral 
mink mate in February to April, and kits are born in April and May after 40-79 days of 
gestation (Jensen 1993). In the northern Belarus, most females caught by the end of 
March had embryos, and new-born mink kits were found in late April to the beginning 
of June (Sidorovich 1993).  
 
Few papers have been published on the reproduction of feral mink. Litter size of feral 
Danish mink is not available. However, litter size in feral mink is available from other 
parts of Europe and range from 4-7 kits (Sidorovich 1993, Fournier-Chambrillon et al. 
2010, Mañas et al. 2016, Melero et al. 2015). In Scotland, the ratio of reproducing 
females was 81%, and the mean litter size was 5.5 kits (Melero et al. 2015). Feral mink 
use dens under trees, cavities in rocks and buildings (e.g. boat houses), and dens left by 
beaver, otter and rabbit (Jensen 1993, Bonesi & Palazon 2007).  
 
At farms, mink are mated during the first 2 weeks of March. The dam has induced 
ovulation and delayed implantation or “embryonic diapause” (Hunter et al. 1996). 
Because of the diapause, the gestation period varies between 40 and 76 days after 
 34 Mink in Danish nature 
mating. In Denmark, mink kits are born between April 20th and May 15th with an 
average weaned litter size of 5.5 kits (Clausen 2017) and a maximum litter size at birth 
of 15 kits (Nes et al. 1988).  Mink kits gain weight very rapidly during the lactation 
period and start eating solid feed in late May-early June, at approximately 4 weeks old. 
When kits are 8 weeks old, they are weaned and caged in pairs until skinning.  
 
5.1.2 Demography of feral mink 
Demographic data on mink are few, but the information is essential for being able to 
carry out conservational, management and modelling studies (Bonesi 2006). Bonesi 
(2006) compared the demography of feral mink populations (subjected to culling) on 
two islands in the UK, South Harris (n=28) and North Uist (n=48) with a mink 
population on Hiiumaa (n=41) an Estonian archipelago in the Baltic Sea, about 22 km 
from the mainland. In that study, mink lived a maximum of 6 years and mortality of 1-
year-olds and adults differed substantially between populations. The data supported the 
hypothesis that mink populations subjected to culling have a higher proportion of 
juveniles (less than 1 year old) to adults, compared with non-culled populations. At 
Hiiumaa the proportion of juveniles was 44% compared to South Harris where 52% of 
the mink were juveniles (Bonesi 2006). The oldest individuals on South Harris and 
Hiiumaa were 4- or 5 year-old, respectively. 
 
In an age structure study of two mink populations in North America, Whitman (2003) 
also showed that the harvest pressure was reflected by the juvenile to adult ratio. In 
Idaho with a moderate hunting pressure, 17 of 42 mink were adults (>1 year), giving a 
juvenile/adult ratio of 1.47 and in Alaska with almost no hunting 45 of 81 animals were 
adults giving a juvenile/adult ratio of 0.8. Whitman (2003) considers the harvest 
pressure to be intense if the juvenile to adult ratio is greater than 2.0. 
 
The aim of our study on reproduction and demography of mink caught in the wild in 
Denmark is to provide data on reproduction and morality for population models and to 
evaluate the hunting pressure of Danish mink, and to estimate the turnover of the mink 
population. 
 
5. 2 Methods 
In both the reproduction and demography study of mink caught in the wild, mink that 
were assumed to have escaped recently from farms (according to the criteria set up in 
section 3, recessive colour types and males with body length above 45 cm and females 
above 41 cm) were excluded. 
 
5.2.1 Determination of the reproductive performance in mink 
Mink were sampled in different regions of Denmark from April to November. Litter 
size, productivity and barrenness are used as parameters for reproductive performance. 
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Litter size was estimated from counts of placental scars (hereafter referred to as PSC) 
and embryos in the uterine horns. The carcasses of female mink were stored at -20°C 
until necropsy. At necropsy, the uteri horns with ovaries were removed and canine teeth 
were used for aging (se section 4.3). All organs were kept at -20°C until examination. 
 
Previously, it has been difficult to determine the litter size from placental scars as scars 
disappear a few months after the cubs are born (Elmeros and Hammershøj 2006, 
Fournier-Chambrillon et al. 2010). However, new methods with staining of the uterine 
tissue where the implantation site becomes visible have made it possible to determine 
litter size from placental scars (Fournier-Chambrillon et al. 2010). In this study, the 
method by Fournier-Chambrillon et al. (2010) was followed. In short, the uteri were 
thawed in tap water, followed by lengthwise opening of the uterine corpus and horns 
with scissors. The uteri were immersed into a fresh 10% solution of ammonium sulfide 
(H8N2S) for 10 min. and rinsed in tap water, followed by 10 min. immersion in a 
solution of equal parts of 1% chlorhydric acid and 20% potassium hexacyanoferrate 
(K4[Fe(CN)6], 3H2O), rinsed in tap water and examined under a stereo microscope. The 
method identifies iron (from hemoglobin at the placental implantation site) in the 
uterine wall by dark blue staining (Figure 18).  
 
 
Figure 18. Uteri from two mink with differently staining intensity of placental scars 
(PSCs); a) Nine clearly visible PSCs (black arrow) and two pale discolourations (grey 
arrow) (not included as PSCs); b) Seven clearly visible PSCs. 
 
 
Litter size is given for the reproducing females only, whereas the measure for 
productivity expressed as mean litter size includes barren females. Females from 10-22 
months of age were classified as age class 1 (first season breeding females), whereas 
older females were classified as age-class 2, 3 and 4+ years. Females one year or older 
without reproductive activity, i.e. no PSC or embryos were characterized as barren. 
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Females will on average be ten months old in February-May where embryos can be 
found. 
 
5.3 Method for age determination of mink 
Thin teeth sections (70-100 my) three mm from apex of the root were placed under a 
stereo microscope to measure the width of the pulp cavity compared to dentine width, 
and to count the number of cementum lines. The age of the individual was estimated by 
comparing pulp cavity, dental lines and the fact that mink are born in April to May 
(Grue and Jensen 1979). Aging by examination of pulp cavity and dental lines are 
widely used methods for aging canids and mustelids (Grue and Jensen 1979, Whitman 
2003, Bonesi 2006). Dentine is deposited inward into the pulp cavity, gradually filling it 
(centripetal growth). A large pulp cavity is consequently observed in young animals 
only. Cementum is deposited over the root dentine (centrifugal growth).The first dark-
stained line appears in tooth cementum during the first or one and a half year in most 
species. Reference papers around the dentine development in mink are scarce. However, 
the first age line is considered to develop between 6 and 10 months in mink, and as one 
dark line is produced per year, it is feasible to determine age with an interval of 1 year 
per age category (Grue and Jensen, 1979). The pulp cavity to dentine width ratio in this 
investigation was considered to be more than 35% in juveniles less than 10 months old, 
and between 35% and 15% in mink more than one year old. The demographic data are 
presented in the form of life tables, age–sex distributions and sex ratios.  
 
5.3 Reproduction of feral mink in nature 
The mean ± SD litter size based on dark PSC in 14 uteri from reproducing females was 
6.5 ± 0.7. Productivity±SD of 27 females with known age more than one year old was 
3.4 ± 0.7 kits per female. 14 females of 27 had PSCs, hence, 52% of the females were 
reproductive. 
 
5.4 Demography of feral mink 
Eighteen out of 99 mink that were aged were considered to be escapees. The remaining 
mink considered to be born in nature were from Bornholm (58), Zealand (14), Funen (3) 
and Jutland (6). The oldest individual was four years old. Of the 81 mink expected to be 
feral, 37 were juvenile (<1 year) (Table 4). Hence, the juvenile/adult ratio was 0.84. The 
mortality rate is relatively low for juveniles, and a stable mortality of around 65% for 
adults more than one year old (Table 4).  
 
Table 4. Life table of Danish mink: n number of mink in each age class; dx proportion of 
mink dying within age interval; lx proportion of mink surviving at start of age interval; 
qxmortality rate 
Age class N Dx Lx qx 
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Juvenile 37 0.35 1.00 0.35 
1 year 24 0.41 0.65 0.63 
2 years 9 0.16 0.24 0.67 
3 years 3 0.05 0.08 0.67 
4 years 1 0.03 0.03 1.00 
5 years 0 0 0 0 
 
 
5.5 Population analyses from reproduction and mortality 
The reproduction of Danish feral mink (mean litter size 6.5 and production 3.4) is 
within the range found in other parts of Europe (4-7 kits) (Sidorovich 1993, Fournier-
Chambrillon et al. 2010, Mañas et al. 2016, Melero et al. 2015).  
 
”Turnover” is a method to estimate the proportion of individuals that the population can 
tolerate to lose without decreasing. The turnover is based on the reproduction and 
harvesting of a species Lloyd et al. (1976). The production of Danish mink is estimated 
to be 3.4 kits per female. Hence, to calculate the amount of juveniles per adults, the 
production is divided by 2 in order to take males into account. Hence, the juveniles will 
make up 1.7/2.7 = 0.62 of the population at the beginning of each generation. This 
means that the total mortality in the population has to be more than 62% before the 
population will decrease. If the turnover of mink is compared to that of the mortality 
calculated from the life table analysis (see section 4.4), this indicates that the Danish 
mink population is assessed to be stable to declining. 
 
Comparing the juvenile:adult ratio (0.84) and the theoretical and actual model lines for 
high, moderate, low and no hunting/trapping pressure the conclusion is that the Danish 
hunting pressure islow tomoderate (Figure 19, Whitman 2003, Bonesi 2006). 
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Figure 19.Theoretical and actual lines according to Whitman (2003) showing linear models of 
demography ranging from populations with no (D) to high trapping pressure (A). The 
demography of the Danish population of feral mink is given in the histogram with a polynomial 
tendency line (blue dots). 
 
6. Parasites in feral mink 
6.1 Introduction to the study of parasites in feral mink 
Studies on the parasitic burden of mink are scarce, and no previous surveys have been 
conducted on wild Danish mink. Mink are carnivores and therefore potential hosts for a 
range of zoonotic parasites transmitted through ingestion of raw meat, including 
Toxoplasma gondii and Trichinella species. Both of these species have a broad host 
range, including humans. Toxoplasma gondii infections have recently been identified in 
other wild animals from Denmark (Petersen et al, unpublished, Laforet et al. 2018), 
while Denmark has been Trichinella-free for decades. However, Trichinella is prevalent 
in wild life in our neighboring countries. Both of these parasites can cause severe 
disease in humans, while it is unknown how they affect mink.  
 
Almost all animals can be infected with gastrointestinal parasites; intestinal worms, 
coccidia and protozoans. A previous study from Danish farmed mink has shown that the 
prevalence of coccidian parasites Eimeria and Isospora can be relatively high at some 
farms during the summer (Petersen et al., unpublished), while the status of the 
protozoan parasite Cryptosporidium is unknown in Danish mink, both farmed and wild. 
Some species of Cryptosporidium, e.g. C. parvum are zoonotic and can cause severe 
disease in humans and animals. The farmed mink were free of intestinal worms 
(Petersen et al, unpublished), whether this is also the case for wild mink is unknown. 
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All of the gastrointestinal parasite species are transmitted through the fecal-oral route, 
which means that eggs or oocysts are excreted with feces, and infection occurs when a 
host ingests eggs or oocysts.  
 
6.2 Methods for the study of parasites in wild caught mink 
6.2.1 General health condition 
All mink are necropsied and materials for diagnostic tests were sampled. Macroscopical 
clinical findings were noted. 
 
6.2.2 Parasitological examinations 
Feral mink were tested for following parasites: Toxoplasma gondii, Trichinella sp and 
faecal egg/oocyst counts. 
 
Toxoplasma gondii 
Frozen hearts were thawed overnight at room temperature to obtain meat juices. The 
meat juice was stored at -20°C until analysis. 
All meat juice samples were analysed for antibodies against T. gondii using a 
commercial indirect enzyme-linked immunosorbent assay (ELISA; ELISA ID Screen 
Toxoplasmosis Indirect Multi-species, IDvet, Grabels, France), following the 
instructions of the manufacturer. The samples and the controls provided in the kit were 
analysed in duplicate. The optical density (OD) was read at 450 nm. Results were 
evaluated by calculating the S/P% = (mean OD of sample – mean OD of negative 
control) / (mean OD of positive control – mean OD of negative control) x 100). 
Samples with S/P% ≤ 40% were considered negative, 40−70% doubtful, and ≥ 70% 
positive. 
 
Trichinella spp. 
A mixture of 10 g of muscle samples (diaphragm, tongue, forelegs) was used to 
determine the presence of Trichinella larvae from each animal by artificial digestion 
method. In brief: Samples were trimmed free from all fat and fascia and cut into smaller 
pieces. The meat samples (maximum 10 g) from 10 animals were pooled, mixed with 2 
L acidified tap (16 ml 25% HCL added to 2 L tap water) and subjected to several short 
(5–10 s) bursts from a hand blender. Subsequently, 30 ml of liquid pepsin were added 
and the meat digested for 30 min at 45±2°C. The entire mixture was then poured from 
the beaker through a 180 µm mesh sieve into a separatory funnel. The beaker and sieve 
were rinsed with an additional volume of warm tap water. The digest was allowed to 
settle in the separatory funnel for 30 min. A volume of 40 ml of fluid was drained from 
the funnel directly into a 100 ml measuring cylinder. The contents were allowed to 
settle for an additional 10 min, after which all but 10 ml was aspirated from the top of 
the digest. The remaining 10 ml were examined for the presence of Trichinella larvae 
by microscopy in a stereomicroscope. 
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Faecal egg/oocyst counts  
Eggs/oocysts were quantified in 1-4 g of faeces by a concentration McMaster technique 
(Roepstorff and Nansen, 1998) using saturated NaCl with 50% glucose monohydrate as 
flotation fluid (specific gravity = 1.27 g/mL), and with a lower detection limit of 5 
eggs/oocysts per gram of faeces (EPG).  
 
Cryptosporidium oocysts were quantified in a faeces smear by the modified Ziehl-
Nielsen technique previously described by Henriksen and Pohlenz (1981). In brief, thin 
smears of faeces were dried at room temperature, fixed with 96% methanol for three 
min., stained with carbol-fuchsin for 20 min., destained by sulfuric acid for 10 sec., and 
counterstained with malachite green for 5 min. If oocysts were present, these were 
counted in minimum 25 microscopic fields in a light microscope. 
 
6.3 Results of examination of health condition of wild caught mink 
Feral mink are in general without clinical findings. However, the use of traps and killing 
of the animals may cause severe damage to the carcass. 
 
A total of 200 wild mink and 196 farmed mink were examined for parasites (table 5). 
However, not all mink were examined for all parasites because the material sometimes 
was lacking due to the hunting methods and the material was used for other analysis, 
was too damaged, or the volume was too small for the analysis.    
 
 
Table 5. Overview of parasitic examination. 
 Wild mink Farmed mink 
Parasite  No. mink 
analysed 
 Positive mink No. mink 
analysed 
Positive mink 
Trichinella spp. 119 0 3 0 
Toxoplasma gondii 
antibodies 
222 112 112 0 
Cryptosporidium 
spp. 
136 2 149 4 
Eimeria spp. 136 13 176 7 
Isospora spp. 136 10 176 27 
Intestinal worms 136 5 176 1 
 
Table 5 shows the prevalence of each parasitic infection for both wild mink and farmed 
mink. All farmed and wild mink were negative for Trichinella infection, and very few 
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were Cryptosporidium positive and positive for intestinal worms. More than 50% of 
feral mink were seropositive for T. gondii antibodies, while none of the farmed mink 
were positive. Isospora were more prevalent in farmed mink than in wild mink, while 
Eimeria were slightly more prevalent in wild mink. The excretion level for Eimeria 
were, however, was significantly higher in wild mink (39.641 oocysts/g) than in farmed 
mink (116 oocysts/g). 
 
6.4 Discussion of health condition of feral mink 
Among zoonotic food borne parasites of greatest concern, Toxoplasma gondii has been 
ranked 4th globally (FAO/WHO, 2014) and 2nd in Europe (Bouwknegt et al., 2018). 
Moreover, T. gondii has recently gained attention in the human medical field in 
Denmark (Nissen et al., 2017; Jokelainen et al., 2018). However, major knowledge gaps 
in the local epidemiology of this zoonotic parasite exist, as only few studies have 
focused on animal hosts (Kofoed et al. 2017). Literature searches have identified no 
previous studies on T. gondii in mink from Denmark. This study is the first to report 
seroprevalence of T. gondii in mink in Denmark and documents a wide exposure among 
wild mink, while farmed mink were all seronegative. The results add to the scarce 
knowledge on T. gondii in its animal hosts in Denmark. 
 
Assuming that seropositive mink host viable parasites, handling dead wild mink is a 
potential T. gondii infection source for humans, while it appears as if farmed mink are 
safe to handle. Mink (and most other hosts) get infected by eating other infected animals 
or ingesting oocysts from the environment excreted by cats. Therefore, if farmed mink 
escape from the cage, there is a risk that they can become infected in that period of time. 
Depending on how long time and where they escape to. Antibodies will be present 3-4 
weeks after infection. That nearly 50% of wild mink are seropositive, suggests that the 
zoonotic parasite is common and widespread in Danish wildlife and environment. 
Because T. gondii seropositivity indicates exposure, chronic infection, and carrying 
infective parasites in the tissues, mink caught in nature present a risk for T. gondii 
infection to other wild life and domestic hosts. Farmed mink are seemingly T. gondii 
seronegative because they have no access to wild animals and because the feed is free 
from Toxoplasma infected meat. However, if cats have access to the farm area and 
defecate on the cages, farmed mink may get infected.  
 
Surprisingly, Isospora infection was more prevalent in farmed mink than in wild mink. 
Isospora is transmitted via the fecal-oral route, meaning that mink are excreting the 
immature oocysts with the feces, after that the oocysts mature in the environment within 
a week and become infective. Infection occurs by ingestion of infective oocysts. Mink 
need to be in contact with feces more than a week old in order to be infected. Therefore, 
the hygiene at the farm is essential for the infection level. This is probably also why the 
prevalence is higher in farmed mink than in wild mink. Moreover, Isospora is species 
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specific, which means that mink can only become infected by ingesting oocysts from 
other mustelidae.  
 
The prevalence of Eimeria was equal for farmed and wild mink. However, the infection 
level was significantly higher in wild mink than in farmed mink. From a previously 
longitudinal study on Eimeria infection in farmed mink (Petersen et al., unpublished), 
we know that Eimeria infections are common in farmed mink. The infection is acquired 
early in life and may result in excretion of an extremely high number of oocysts. 
However, the numbers of positive wild and farmed mink are too few to conclude on. 
 
7. Conclusion 
The study shows that mink escape from farms. The mixture analysis identifies around 
0% of the males and around 1% of the females caught in nature as escapees on 
Bornholm, and 28.4% of males and 21.6% of females as escapees in the remaining parts 
of Denmark. The analysis of escapees by colour types also reveals a relatively low 
percent of escapees in the population of feral mink on Bornholm (3%), while the 
escapees based on colour types in the rest of the country make up 32.2%. 
 
The conservative values estimated in this investigation are considerably lower than the 
values found in two previous investigations conducted by Hammershøj et al. (2005) and 
Brzeziński et al. (2014) where the amount of escapees found in the wild was found to be 
above 80%. This finding suggests that the fencing lower the number of mink escaping 
from the farms. 
 
The estimated turnover for mink is 62%, which is slightly less than the average yearly 
mortality calculated from life tables. This means that, at present, the mink population is 
assumed to be stable to decreasing. As immigrants are known to influence the modelled 
population size, the escapees may prevent a further decline in the mink population in 
Denmark. The larger mink from farms may however have less chance of surviving than 
in former times. Mink in nature are selected for smaller size. This is most likely due to 
food availability and the ability to hunt and catch prey. An exact quantification of the 
number of escapees could be obtained by adding a biomarker in the mink food which 
can generate fluorescence in the teeth as has been discussed for tetracycline.  
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